Abstract-Due to the serious problems that affect aquatic ecosystems around the world, human survival has been put in risk. _Colombia has been considered to have a great hydric wealth but its people are suffering of water supply limitation and the reception of less quality water due to inappropriate use of water resources. For this reason, many actions have been taken to keep in observation lotic and lentic water body's performance, taking in count all nature and human contributions which may disrupt to greater of lesser degree the water quality and viability of aquatic species. Therefore, this permanent inspection has helped in the proposal of solutions to avoid or alleviate the harm done in water bodies and recover them to guarantee the typical functioning of hydric ecosystem.
I. INTRODUCTION
Wetlands are hydric ecosystems, mostly of lentic behavior and depths less than six meters. Those present plenty of ecological, social and economic profits due to ecosystemś services they offer with highly ecological value [1,] [2] .
According to Ramsar Convention, ecological value for wetlands, expresses the ecological importance of ecosystems by the relationships between their components which may be understood by economic value assignment and the identification of temporal changes. The Convention identifies five criteria for ecological assessment of wetlands which led authorities to establish the state of those ecosystems and Manuscript sent February 24, 2018 ; revised July 15, 2018 . This work was supported in part by ECCI University and Local Wetlandś committee of Tunjuelito -Bogotá , Colombia.
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assign an economic value. Mentioned criteria are naturalness and integrity, Diversity, Singularity or rarity, resilience and resistance, and capacity for renewal or recovery [1] - [3] .
In this way, many efforts have been done to study wetland's behavior to preserve wetlands and many worldwide campaigns have been proposed to achieve rational spend of hydric resources. Despite those conservation actions, the extension and quality of wetlands are still in detriment as Davidson exposed. A Ramsar Convention Report of 2015 year, mentioned that the extension of wetlands in the world have decreased between 64 and 87% in the 20th century while the loss and degradation of them, continues at a relative rate of 2.5% (ha / year) [1] , [4] , [5] .
Colombia is not out of touch of this problem and the most important difficulty to apply Ramsar Convention advices, is the lack of knowledge about the ecological value of wetlands. Therefore, those are often undervalued in assessments and decision-making process. A clear example takes place in Colombian big cities like Bogotá D.C, where degradation of wetlands has accelerated in the last 70 years. It was known that in 1950 the area of wetlands amounted to 50,000 hectares and nowadays is no more than 800 hectares [6] . In the city there are 34 wetland areas and only 15 are declared as District Wetlandś Ecological Parks (DWEP or PEDH in Spanish) [7] , [8] which should be cared for, according to national laws but their damage shows authorities' negligence.
A PEDH inside Bogotá city is the Tunjo Wetlandś Complex. This ecosystem has been negatively impacted by direct and indirect human contributions over time [9] . Its continued degradation has allowed the loss of essential services that contributed to the well-being of nearby communities exposing them to consequences of environmental phenomena like climate change, floods, bad smell, proliferation of insects and rats, etc. [6] , [10] , [11] .
In order to evaluate the above situations and give a partial guide who may help in taking decisions toward the recovery and preservation of the water ecosystem, this document presents the research done on one wetland of the Tunjoś wetland complex, called Libelula, to see possible relationships between physicochemical and biological point of view. Additionally with this study, it is wanted to obtain relevant information which could serve in ecosystem resilience models according to the criteria mentioned by Cumming in 2015 [12] .
II. MATERIALS AND METHODOLOGY

A. Sampling Frequency
The temporal variability of the phytoplankton and zooplankton responds to the patterns of variation of the illumination, turbulence of the water, temperature, pH, and concentration of nutrients throughout the year. According to Roldan and Ramí rez [13] , the monthly monitoring allows to reach a level of description quite adequate, although the correct frequency would be biweekly. For this reason, sampling was carried out with periodicity no greater than 15 days during the first period of 2017.
B. Physicochemical Parameters Sampling and Analysis Methods
The physicochemical parameters which were chosen to study are: In situ parameters like temperature, pH, conductivity, dissolved oxygen and turbidity with HANNA multi parametric measurement probe. Ex situ parameters like concentration of phosphates, ammonia, nitrites, Iron +3 and chemical oxygen demand COD were determined in the Genesys 2,0 spectrophotometer and chromium concentration were determined by atomic adsorption spectrometry AAS. Last parameter was evaluated because Tunjuelito River is crossing nearby Tunjoś Wetland Complex. This river had been affected by the wastewater of tanneries activities and it was desired to stablish the possible connection between those water bodies as a Libelulaś wetland trophic state response. Each physicochemical analysis were done following the twentieth Standard Methods of water and wastewater [14] C. Limnologic Parameters Sampling and Analysis Methods Phytoplankton species were obtained by Wisconsin dragging net and quantification was done with the help of five milliliter Utermöhl Settling Chamber to separate biological species from water within a time of 24 hours without light and then an inverted lens microscope let the view and count of organism. Edward, Belinger and Utermöhl techniques were employed [15] , [16] . Zooplancton species were obtained by throwing a net with a nozzle radius of 0.5 m and a length of 1 m and preserved in Bengal Rose at 4°C. The quantitative analysis of zooplankton consisted in performing a partial count through the systematic method of horizontal bands.
Many trophic models have been proposed for limnologic research but Trophic State Index of Carlson also called T.S.I. index [13] , is applicable to predict the trophic state of tropical water bodies. This model was calculated by the knowledge of parameters like clearness, and concentration of total phosphorous and chlorophyll -a. Clearness was estimated with Secchi Disk by the registration of the depth where instrument could not visible. Chlorophyll-a and other vegetal pigments like pheophytin were estimated by filtration of Libelulaś wetland samples and subsequently extraction with acetone solvent and washes with HCl. Pigments concentration was measured by Genesys 2,0 spectrophotometer between 665 and 750 nm of wave length to correct turbidity effects in the extract [17] , [18] . The calculation of chlorophyll-a is:
where [19] - [21] .
These states unleash several consequences like a great biological spread with more nutrients but these aspects could lead more turbidity and low oxygen concentration in water that trigger the decline of ecosystem [13] , [21] , [22] . This is the case of Libelulaś Wetland according to T.S.I index parameters where it ranks from eutrophic to hyper-eutrophic state (last state with the major quantities of nutrients), thus this ecosystem have high primary yield.
High values of TSI Clearness and TSI Chlorophyll-a show a hydric ecosystem have high turbidity due to suspended and dissolved solids which may be of chemical or biological origin, mainly the last one with a lot of photosynthetic species like phytoplankton and their constituent as proteins carbohydrates and more. Turbidity as excess of photosynthetic biomass which cover up wetland surface, results in a low reception of sunlight that interferes with aquatic photosynthetic metabolism and availability of oxygen concentration would become poor. For this, many aerobic species would die and their downgrade would bring more pollution and the show up of pathogenic and anaerobic biological species which is more difficult to treat [13] , [22] .
The higher trophic state related to total phosphorous shows that this element is dissolved in great amount in this Wetland and it does not limit the primary yield. Part of phosphate would precipitate with metals, other portion may be used by phytoplankton and plants to carry metabolism reactions that help to maintain life and promote the growth of photosynthetic living species and there is a high quantity which is dissolved in the water column of wetland [13] , [19] , [21] , [23] - [25] . Natural cause of dissolved phosphorous content in the water column may be because of the liberation of phosphates from plants by organic and inorganic compounds downgrade or the phosphorous saturation inside living organism that lead to stop the macronutrient intake [13] , [26] , [27] . Other cause of high phosphorous content comes from domestic activities like cleaning with detergents and the release of human waste due to wrong connections. Also, industrial activities like tanneries and manufacture of goods as clothing, furniture and chemical products which may come from direct discharge or from connectivity with Tunjuelito River [9] , [24] , [25] .
The consequence of this aspect is the vast growth of some photosynthetic species, increasing even more, the turbidity and promoting the dryness of Libelulaś wetland. This last consequence is the worst of all due to the great loss of ecosystem services [11] , [22] .
Another observation is that trophic state was always increasing during sampling period. Although first dates (May and first half of June) where associated to rainy season, high nutrient quantity did not diminish as it happens in other urban wetlands in Bogotá [28] . This behavior may be explained by the movement of solids and nutrient in the water column because of the rain, causing more turbidity and that may easy the obtaining of nutrients by primary producers.
B. Physicochemical Parameters Analysis
One way to understand Libelulaś Wetland behavior is the physical -chemical assessment presented in the following figures. Fig. 2 and Fig. 3 shows low oxygen concentration in water that increased at the end of rainy season, possibly because of mixing regime between rain and wetland water that included oxygen from atmosphere or as a product of photosynthesis from aquatic plants. This is a good characteristic, but water of wetland has a lot of organic and inorganic reduced material from natural (degradation of death matter) and human activities, that increased Chemical and Biochemical Oxygen Demand (COD and BOD parameter) in dry season [13] , [29] , [30] . The pH value kept constant during rainy season but went down during dry season (no effect by acid rain) [22] . Thus, another explanation is vegetal downgrade of plants covered by rain water that released humid acids that could reduce pH value in dry season. Fig. 3 shows that clearness of Libelulaś Wetland keep constant during time with a low decay in dry season because of the increase of suspended solids and phytoplankton suggested by the increase of chlorophyll-a concentration. Fig.  4 presents conductivity and concentration of ions' behavior which may be linked to growth and maintenance of living organisms. Ammonia and nitrite compounds were considered as the main nitrogen sources rather than nitrate compound because they are easily found in polluted water ecosystem with low oxygen concentration as in the case of Libelulaś Wetland. Ammonia compound is a preferred nitrogen source for plants and phytoplankton than nitrite which may be a toxic compound for living organisms [13] , [26] , [27] . However, nitrite concentration decreased during most of the time of sampling period, while ammonia concentration increased during rainy season. This could be by nitrate (from rain) and nitrite reduction to ammonia by reductive bacteria. Another reason is the human discharges enriched of urea and ammonia compounds. In dry season ammonia and nitrite concentrations have a similar behavior, maybe by photosynthetic organisms sorption or gas release to atmosphere [13] . During sampling period chromium compounds were not found in water due to a change in tanneries processes before the execution of this project, but iron compounds were found in high concentration in rainy season and decreased at the beginning of dry season maybe by plant adsorption or precipitation with phosphates [13] , [26] , [27] . Conductivity behavior depends strongly on the presence of many ion compounds like sulfate, carbonate, chloride and their interaction. For this, conductivity do not behave exactly to an specific ion, however, the appearance of big amount of ions was represented by the high value of conductivity parameter [22] .
C. Biological Parameters Analysis
Phytoplankton and Zooplankton were selected as the biological organisms to evaluate, because they are representative of primary and secondary yield. Thus, higher concentration of phytoplankton produces higher amount of zooplankton. Another reason to monitor phytoplankton concentration and composition is that these parameters may have high variability according to water quality [13] , [26] , [27] , [31] . Fig. 5 shows phytoplankton abundance of Libelulaś Wetland. Sampling allowed identifying that Chlorophyceae and Bacillariophyceae divisions had the bigger abundance during most of the sampling time, due to the speed of reproduction, nutrient wealth and great resistance to harsh conditions in water [15] , [26] , [32] - [34] . Last characteristic is evident in Bacillariophyceae species which have cell wall composed of silice, and some Chlorophyceae species can live inside a mucilaginous matrix. Those coverage give cell resistant to environment conditions [13] , [35] .
These divisions are considered as water pollution indicators and their highly presence in Libelulaś water explain the altered state of this ecosystem, as TSI showed. This observation is agree with other researches of lentic ecosystems in Bogotá city [31] , [36] and other places in the world [32] , [34] , [37] .
Zygnematophyceae species also grew in polluted water. They are seasonal beings which prefer shallow water ecosystem and some of them grow well in aerated water with pH value from neutral to acid [13] . These conditions were reached at the end of rainy season as it was seen before. Fig. 5 presents the great increase of the Zygnematophyceae population at the end of the sampling period in comparison with other phytoplankton species.
Cyanophyceae division have the capability to live in stagnant water with high load of organic matter, phosphates and ammonia, and low oxygen concentration as in Libelulaś Wetland [13] , [38] . However the less quantity of Cyanophyceae division in comparison with Chlorophyceae and Bacillariophyceae division may be becausel last types of species prefer iluminated environments, meanwhile cyanobacteria can grow at the bottom of hydric ecosystems where light is limited, but sampling could not be done there. [15] , [35] , [39] - [41] .
Also phytoplankton of eukariotic kingdom and zooplankton can use Cyanophyceae species as a food source, controlling cyanophyta quantity. Euglenophyceae species can grow with nutrient limitation but in presence of ammonia compound and organic matter. In Libelulaś Wetland, these species were relevant [15] , [33] . Three type of Zooplanktonic organisms were evaluated: Cladocera, Copepoda, Rotifera because these biological subclasses and phylum are widely spread in many aquatic ecosystems and can adapt to several water conditions [13] , [26] . Fig. 6 shows that subclass Rotifera had the highest density comparing to the other zooplankton organism. According to Colina (2013) [42] , it was hoped to find this behavior, because Rotifera prevail in mesotrophic to eutrophic aqueous ecosystem where phosphorous concentration is unlimited while oxygen concentration may be variable. Rotiferaś species eat phytoplankton, detritus and bacteria which are abundant in Libelulaś Wetland. Copepoda is the second most plentiful type of zooplankton in Science and Development, Vol. 9, No. 9, September 2018 Libelulaś wetland. This type of animals grows in aquatic environments with different conditions, thus they can adapt easily everywhere. They use many types of phytoplankton and small animals like Rotifera and Cladocera as a food source and nutrient selection depends on the growth stage [13] , [43] . The presence of Copepods in Libelulaś Wetland is a matter of care because some species of Copepods can be intermediary innkeepers of several parasites which cause illness or death in, amphibian, birds, mammals and men.
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Cladocera zooplankton uses chlorophytas as the main food sources. Due to the high amount of this phytoplankton, Cladocera was found in this ecosystem but the great amount of other compounds and low oxygen concentration could serve as growth restricting factor by nutrient excess and undesirable conditions [44] .
Relationships between Physical -chemical and biological parameters determine hydric ecosystems performance [13] , [26] , [27] . Spearman correlation and Principal Component Analysis (PCA) were the employed techniques to understand these interactions. For Spearman correlation, values near to unit value represent a strong relationship showed in Fig. 7 which shows parameters that had relationships over the 50% or 0.5 to 100% or 1.0 and Fig. 8 shows PCA, where the first two components explain the 95,33% of variance between parameters. Spearman correlations show that temperature and conductivity had more relationship with ions like iron, ammonia, nitrite, and phosphates because the higher the amount of ions, the higher the conductivity value and the higher the temperature, the higher the ion activity, reaction rates and mobility, favoring the rising of turbidity (opposite of clearness), the rising of primary productivity (also seen with the increase of chlorophyll -a) and water eutrophication. As well as pH value depends on the amount of acid or basic compounds, it was hoped to have acid water behavior, because cations that are acid compounds were in greater quantity than anions [13] , [22] .
However, PCA shows that some ions appear to have an opposite relationship with first mentioned variables, because temperature can also promote the increase or decrease of living organism metabolism and consumption of dissolved nutrients, also temperature may ease or delay the release of ions from organic and inorganic matter due to downgrade, promoting the oxygen consumption at different rates (in the form of chemical demand). For this, relationship with temperature and other variables seem not to be linear. These changes would lead turbidity and first productivity (measured as chlorophyll -a) variation [22] , [45] .
Other explanation is the change of oxidation state as in the case of ammonia, iron+2 and nitrite. Nitrogen and iron could be in greater amounts but in different oxidation state, that might be not evaluated in this research but conductivity would still be high. This reason could also explain relationship between cations behavior and pH value. It was found that in water with oxygen and low pH values, iron could precipitate in its trivalent form. Thus, the lower the ph value, the lower the iron +2. With respect to Ammonia quantity, it could be assimilated by plants and phytoplankton or converted in other nitrogen compounds releasing hydrogen ions and acidifying water.
Relationship between Phosphates and pH would be explained by the changes in the state of ion as was mentioned with iron ion but in dry season the decay of pH was possibly related with the release of humid acid from plants. With this release, phosphate would also be dissolved in aquatic media although a part of phosphate would precipitate with iron. Chorophyll-a is high because primary productivity is higher in basic water than in acid water and PCA shows the direct relationship with mix trophic phytoplankton maybe because chlorophyll-a is part of organic matter and release would lead more growth of those type of phytoplankton. This behavior is shown in Fig. 2 and Fig. 3 where phytoplankton biomass grew significantly until pH came down [13] , but mixotrophic phytoplankton grew significantly. Due to the limitation of time in the sampling period, it was not possible to see if chorophyll -a, was lower at low pH vales.
PCA also showed that relationships of ions concentration with pH and conductivity are strong but not with temperature as Spearman correlation predicted [13] , [45] , [46] , [47] . This poor relationship with temperature is also seen with biological parameters. Spearman correlation showed as an important relationship between temperature, phytoplankton and zooplankton which could grow in high load of organic matter, like Zygnematophyceae, Euglenophyceae, Cyanophyceae species, Copepod and cladocera species. In this research it was seen an opposite relationship between those parameters, due to higher temperature may promote stratification and low distribution of nutrients, limiting growth as Thomas said [48] . Other authors have found that these species can adapt themselves to different conditions [13] , [15] . Fig. 8 also shows a direct and strong relationship between Euglenophyceae, Zygnematophyeceae and Cyanophyceae with COD, phosphates, total phosphorous, chlorophyll-a, oxygen concentration, and conductivity. These species are well spread in environments with high amount of organic and inorganic matter which also raised conductivity and dissolved phosphorous as it was seen in previous section. For example, in the case of Euglenophyceae species, they had a direct relationships with COD because their main food source are organic matter for the two-third which are facultative heterotrophic or phagotrophic organism for this reason, the increase of COD due to organic matter would lead to Euglenophyceae increase ( Fig. 2 and Fig. 5 ).
Rotifers also had massive growth due to the food they find in dretritus and bacteria. Rotifera and Euglenophycea species had similar performance [13] , [15] , [35] . This direct relationship was not found with Chlorophyceae and Bacillariophyceae species, because they are light dependent and turbidity increase with the increase of COD.
The presence of chemical and biochemical compounds which lead to redox reactions increases the Chemical and Biochemical Oxygen Demand thus letting the decay of oxygen concentration [22] , however PCA shows both COD and dissolved oxygen concentration have direct relationship. This is because the dissolution effect of oxygen from atmosphere during rainy season and the arriving of organic and inorganic matter to Wetland from human sources or partially death of aquatic vegetation at the same time. Zooplankton was also directly related to these phytoplankton species because, these last ones are nutrient source of zooplankton and Spearman correlation shows the preference of zooplankton grazing. Thus the higher, the amount of phytoplankton, the higher the amount of zooplankton [42] . All these causes are indirect related to temperature.
Also Fig. 8 , an opposite relationship with nitrogen compounds and iron+2 with Euglenophyceae, Zygnematophyeceae and Cyanophyceae species. Relationship with ammonia compound and phytoplankton is not strong despite of the inverse effect. However the relationship is stronger with nitrite compound. Then, the lower the nitrite concentration, the higher, the amount of mix trophic phytoplankton species. This is because nitrite compound could be toxic for these organism. In the case of Bacillariophycea and Chlorophyceae, they seem to be more resistant to nitrite compound and can assimilate it as nitrogen source. In this way, last type of phytoplankton are related to nitrogen compounds directly [49] , [50] .
The opposite effect with iron, phytoplankton and copepods may be explained by the high amount of iron which leads to a toxic environment. Also in this case, Chlorophyceae and Bacillariophyceae species seem to be more tolerant and grow even though the high amount of iron in Libelulaś wetland [51] , [52] .
Bacillariophyceae species showed a strong relationship with conductivity and clearness, in agreement with Spearman Correlation and PCA. According to Diaz & others, the correspondence analysis between conductivity and Bacillariophyceae showed a directly proportional behavior when conductivity presented values fewer than 350 us / cm; from there, behavior between conductivity and Bacillariophyceae species was inversely proportional. [40] These behaviors may be explained because Bacillariophyceae species need nutrient and micronutrient to survive in Libelulaś Wetland but in great concentration of ions, nutrient act as growth limiting factor due to toxicity effect by nutrient excess. Bacillariophyceae species live well in illuminated environments. This is the reason of the direct relationship between Bacillariophyceae species and clearness because sun light gets inside water easily. In this study it was seen that Bacillariophyceae species decreased when clearness also decreased [45] , [53] .
According to PCA, Copepods species had the least relationship with COD this is because this type of animal do not always depend directly of organic matter as some phytoplankton and rotifer species do. These species are Copepods´ food, but Copepods could also eat photosynthetic phytoplankton which only depends of photosynthesis, for this Copepods could grow in a environment with high or low COD. Although the lower relationship show that Copepods could prefer ecosystems with a certainly COD value to have enough food but copepods species has energy resource which uses mainly when phytoplankton is few as Ikeda explained [54] .
The last relationship between physical chemical parameters and biological parameters is Chlorophyceae and Bacillariophyceae species with Chlorophyll -a. These phytoplankton species produce this type of Chlorophyll -a. but at the end of rainy season other phytoplankton species would produce more [35] .
IV. CONCLUSIONS
The correlation with physicochemical and biological parameters allow to understand Libelulaś Wetland behavior to give an appropriate ecological and economical value to these type of water resources. Although the interactions of many of variables that were happening at the same time was not an easy work, and comparison between Libelulaś performance was done with other type of water sources from different part of the world which have different ecosystem conditions. Thus, given explanation in this research might differ from those studies. The relationships obtained with PCA and Spearman correlation were conflicting somehow. This way it is recommended to explore another statistical and nonlinear techniques which may allow to obtain more consisten results with wetlandś behavior.
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